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Abstract
The present invention provides new amorphous or partially crystalline mixed anionchalcogenide compounds
for use in proton exchange membranes which are able to operate over a wide variety of temperature ranges,
including in the intermediate temperature range of about 100 ° C. to 300° C., and new uses for
crystallinemixed anion chalcogenide compounds in such proton exchange membranes. In one embodiment,
the proton conductivity of the compounds is between about 10−8 S/cm and 10−1 S/cm within a temperature
range of between about −60 and300° C. and a relative humidity of less than about 12%.
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MIXED ANION MATERIALS AND 
COMPOUNDS FOR NOVEL PROTON 
CONDUCTING MEMBRANES 
STATEMENT OF GOVERNMENT RIGHTS 
This invention Was made With support of the United 
States Government under Department of Energy’s Hydro 
gen Program under Cooperative Agreement No. DE-FC36 
00GO10-531. The Government has certain rights in this 
invention. 
RELATED APPLICATION 
This application is related to US. patent application Ser. 
No. 10/627,584 entitled, “Compounds for Novel Proton 
Conducting Membranes and Methods of Making Same,” 
?led on Jul. 25, 2003, noW issued as US. Pat. No. 7,018,604 
and entitled “Compounds for Novel Proton Conducting 
Membranes,” Which is hereby incorporated by reference in 
its entirety. 
FIELD 
The present invention relates to materials and compounds 
useful for membranes, and, in particular to materials and 
compounds for novel proton conducting membranes and 
methods of making same. 
BACKGROUND 
Hydrogen-based fuel cells are becoming increasingly 
popular as an alternative to crude oil-based internal com 
bustion engines. Speci?cally, hydrogen can be converted to 
electricity through the use of a hydrogen-oxygen fuel cell. 
The by-product of this type of a fuel cell is Water, making 
this a “green” or environmentally-friendly technology. At 
the heart of the fuel cell is the proton exchange membrane 
(PEM), Which transports protons from the anode to the 
cathode While providing electronic insulation betWeen them. 
There are many types of electrolyte materials, each With 
speci?c limitations. Generally, such materials either have 
too loW a proton mobility or don’t operate in the interme 
diate temperature range (100 to 300° C.) to be useful for 
intermediate-temperature fuel cells. 
Some of the most popular electrolyte materials are poly 
mer exchange membranes, phosphoric acid membranes, and 
solid oxide membranes. Polymer exchange membranes, or 
more speci?cally solid organic polymer poly-per?uorosul 
fonic acids such as Na?on®, require hydration to maintain 
high proton conductivity. HoWever, this limits their opera 
tion to temperatures below 1000 C., thus requiring the use of 
expensive noble metal catalysts such as platinum. These 
electrolytes also suffer from fuel cross-over due to their 
porous hydrated nature. Phosphoric acid membranes are 
typically operated from 1500 C. to 200° C. Since these 
membranes are liquid electrolytes, they suffer from mem 
brane leakage and fuel cross-over problems. They also 
require the use of expensive platinum catalysts. Solid oxide 
membranes are typically operated betWeen 700° C. to 1000° 
C., a temperature range in Which the use of platinum as an 
electrode material can be reduced. Additionally, this tem 
perature range is used to achieve the desired oxide anion 
conductivity. Since, these membranes are solid in nature, 
they do not suffer from fuel cross-over problems. HoWever, 
there remains a temperature region betWeen about 100° C. 
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2 
and 300° C. for Which no one membrane currently available 
can provide optimum performance. 
Thus, What is needed are materials and compounds for use 
in proton exchange membranes Which are able to operate in 
a Wide variety of temperature ranges, including in the 
intermediate temperature range of betWeen about 100° C. to 
300° C. 
SUMMARY 
An inorganic material or compound comprising AVMWD,C 
(EH)y'(ZH2O), Wherein A is one or more modifying cations; 
M is a metal, metalloid, transition metal or rare earth 
element; D and E are different Group VIB elements selected 
from the group consisting of O, S, Se, and Te; v, W, x, and 
y are positive integer numbers; and Z20 is provided. (As 
used herein, the term “rare eart ” is intended to include all 
of the lanthanide elements). In one embodiment, the material 
or compound has a mixed complex anion MWDxEy_(x+y). In 
one embodiment, the material or compound has a mixed 
complex cation MWDxEy” Where u is an integer. In one 
embodiment, M is a transition metal. In a speci?c embodi 
ment, the transition metal is yterrium, titanium or Zirconium. 
In one embodiment, M is Ge. In one embodiment, the rare 
earth is a lanthanide. In a particular embodiment, the lan 
thanide is lanthanum. In one embodiment, the one or more 
modifying cations (A) are selected from the group consisting 
of an alkali metal cation, alkaline earth cation, yterrium 
cation, rare earth cation and combinations thereof. 
The proton conducting materials and compounds of the 
present invention are amorphous, crystalline or mixed phase, 
i.e., partially crystalline. The proton conductivity for the 
materials and compounds of interest ranges from about 10'8 
S/cm and 10'1 S/cm Within a temperature range of betWeen 
about —60 and 300° C. at a relative humidity ranging from 
0 to 100%. In one embodiment, the proton conductivity 
ranges from about 10-3 to 10-2 S/cm for temperatures 
betWeen about 100 and 275° C. under loW relative humidi 
ties of less than about 12%. 
In one embodiment, protonated compounds are obtained 
from an aqueous mixture of starting materials. In some 
embodiments the aqueous solution is heated. In one embodi 
ment, crystalline proton conducting compounds are pro 
duced at room temperature by adding excessive amounts of 
acetone to the solution. In one embodiment, X-ray amor 
phous proton conducting materials are produced by sloW 
heating (25° C.<T<100° C.) of the solution over a period of 
several days, Which alloWs suf?cient evaporation to occur to 
produce a recoverable ?lm of proton conducting material. 
The resulting products are amorphous, crystalline or 
mixed phase structures With structural incorporated protons 
(protonated). Some of these protonated materials and com 
pounds, such as hydrated alkali thio-hydroxogermanates, 
have been found to be relatively stable in air and Water, 
Which is a requirement for hydrogen-oxygen fuel cell use. 
(Structural characterization of the obtained protonated mate 
rials and compounds Was carried out using IR and Raman 
spectroscopies, DSC, TGA, and X-ray diffraction). 
The present invention further provides a method compris 
ing utiliZing crystalline sodium thio-hydroxogermanate 
compounds in a proton conducting membrane. In one 
embodiment, the sodium thio-hydroxogermanate compound 
is Na3GeS3(OH)~8H2O. In one embodiment, the sodium 
thio-hydroxogermanate compound is Na2GeS2(OH)2~5H2O. 
The protonated compounds or membrane materials 
described herein can easily be converted to membranes to 
provide electrochemical characterizations. In one embodi 











